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Abstract:
The recent report by the Public Service Productivity Panel (PSPP) (2000), proposed
that non-parametric (DEA) and parametric (SFA) modelling techniques be utilised as
an aid to allow efficiency bandings of police forces.  To determine whether these
techniques could be utilised, a data set approved by the Home Office Steering
Committee was compiled, and a report commissioned to present the results of the
Demonstration Project (DP).  This paper presents abridged results from a Peer Review
report on the DP showing that the given data set could indeed produce efficiency
bandings and hence facilitate future discussions concerning differential payments of
funds to English and Welsh police forces.  Due to the sensitivity of the results, the
police force names have been changed.
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21.  INTRODUCTION.
Since being elected in 1997, the new Labour government has considered ways
to install good business practice, and hence efficiency, in public services.  This new
programme of efficiency analysis and enhancement was prompted by the removal of
the previous Conservative governments ‘internal market’ philosophy and Compulsory
Competitive Tendering.  New Labour, therefore, introduced a range of Best Value
Performance Indicators (BVPIs) that allowed some kind of measurement across
public services and, in the case of policing, across forces.  The Home Secretary has
since demanded, after BVPIs were established, that all police forces should increase
their efficiency by 2%, with these cost savings being directed into front line activities.
However, this implies that all police forces, whether good or bad in terms of
managerial effectiveness, can increase their efficiency by the stated target.  In
addition, the simple 2% target cannot discriminate between efficient and inefficient
forces.
The problems associated with utilising a single efficiency enhancement target
prompted the government to search for techniques that could establish the relative
efficiency of police forces.  Hence, in 1999 the government initiated a programme of
analysis and consultation involving the Home Office, H. M. Treasury, as well as
consultative teams and academics.  This resulted in the publication of the Public
Services Productivity Panel (PSPP) (2000) report which suggested that the non-
parametric Data Envelopment Analysis (DEA) and parametric Stochastic Frontier
Analysis (SFA) techniques be utilised to determine the viability of ranking police
forces into efficiency groups and hence to allow for differential funding based on
these groups.
Recently, the second stage of this ongoing efficiency programme has led to the
publication of the first ‘official’ analysis of English and Welsh police forces using
DEA and SFA techniques.  The so called Demonstration Project (2001) report
initially discussed with interested parties what outputs (outcomes) should be measured
in an economic model of policing.  This resulted in the 250 potential BVPIs being
reduced to a list of 8 variables that were deemed acceptable by the Steering
Committee.  Within the Demonstration Project (2001) programme, a consultative
team presented results from a DEA analyses (reasonable SFA estimates were not
obtained), showing that it is possible to rank forces based on non-parametric
3efficiency measures.  The model estimated in the Demonstration Project, included 1
input cost; net adjusted Comparable net Cost of services excluding capital costs, and 2
outputs (outcomes), and 2 output (outcome) variables; number of offences cleared-up,
and estimated number of people not very worried about burglary.
This paper reports on further, less restrictive, DEA and SFA models conducted
in the light of the Demonstration Project (2001) of English and Welsh police force
efficiency.  That is, we utilise 4 out of the 8 variables in two models (the choice of
variables is discussed in Section 3).  This allows greater interaction between the input
cost and outputs (outcomes), and a model specification that is closer to the true
diverse nature of policing rather than the restrictive 2 output (outcome)
Demonstration Project specification.  In addition, unlike the Demonstration Project,
we present results from both DEA and SFA models.  These abridge results were part
of a Peer Review of the Demonstration Project (2001) commissioned by the Home
Office in order to obtain further results on police efficiency and hence to form a basis
in which future analysis could be undertaken.
The paper is structured as follows:  In Section 2 we review the techniques and
models utilised to estimate DEA and SFA efficiency scores.  Section  3 provides a
brief discussion of the variables specified in the two alternative models.  Section 4
provide the results and analysis for the two estimated models; and Section 5
concludes.
2.  ESTIMATION METHODOLOGY.
The Public Services Productivity Panel (PSPP (2000)) and Demonstration Project
(2001), proposed an analysis of English and Welsh police forces based on an
economic modelling criteria.  This programme of analysis is based on previous
research conducted on police force efficiency, and hence methodologies that enable
the estimation of a police force cost or production function (see for example,
Carrington et al (1997), and Drake and Simper (2000) and (2001b, 2002a, and
2002b)).  This can be formally represented as
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( )ixF  is the police force’s input requirement set of feasible input bundles ix , that can
be used to obtain a predetermined output vector, iy  (su h as BVPIs).  The production
relationship implicit in both functions is also at least twice continuously
differentiable, increasing and concave in ix .  In addition, the cost function ( )ii w,yC
is increasing in iy and iw , homogeneous of degree zero, and concave in iw .
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Thus, as in the PSPP (2000) modelling framework, we assume that the police
function can be neatly classified within the neo-classical economic paradigm.  That is,
the model assumes that the aim of the police is to minimise their input set while
keeping output constant, that is, both the DEA and SFA models are based on similar
premises.  Hence, we can assume that police forces, through the Value For Money
(VFM) argument, aim for cost minimisation.  The latter statement has important
implications for all police forces when it comes to analysing efficiency.  For example,
an aim of BVPI analysis is to ensure forces reduce the Marginal Cost of catching and
arresting criminals in addition to other police functions.
The PSPP (2000) report highlights two “state of the art” econometric
techniques that are able to assess the efficiency of police forces and that were utilised
in the Demonstration Project (Home Office (2001)).2  The first method of efficiency
analysis is concerned with the right-hand side of the cost function definition (1),
where the objective is to construct an efficient frontier for the police force’s activities.
The term Data Envelopment Analysis (DEA) was coined by Charnes et al (1978) and
                                         
1  The problems associated with the current empirical methods used by the Home Office in the
allocation of funds has been discussed by Carr-Hill (2000).  This paper considers models which are
supposed to overcome the difficulties mentioned by Carr-Hill (2000) by estimating economic models
of cost and production functions.
2  Indeed, it goes further by stating that, "DEA and SFA should be used to provide an assessment of the
relative efficiency of police forces in delivering police outcomes." (page. 7) (PSPP (2000)).
5is a linear programming technique for constructing extremal piecewise frontiers, as
originally developed by Farrell (1957).  DEA is a leading analytical technique for
measuring relative efficiency and has been widely used by both academics and
practitioners in evaluating the efficiency of DMUs within an organisation or industry
in terms of converting resources/inputs into outputs.  The technique was originally
developed in order to develop performance measures in non-profit making
organisations where the usual monetary criteria of return on assets/capital, etc, were
not appropriate (for examples of DEA applied to policing, see Carrington et al (1997),
and Nyhan and Martin (1999) and for English and Welsh police force applications,
see Thanassoulis (1995) and Drake and Simper (2000 and 2001b)).
The constructed relative efficiency frontiers are non-statistical or
nonparametric in the sense that they are constructed through the envelopment of the
decision making units (DMUs), with the "best practice" DMUs forming the non-
parametric frontier.  For each DMU in turn, using x and y to represent its particular
observed inputs and outputs, pure technical efficiency is calculated by solving the
problem of finding the lowest multiplicative factor, q, which must be applied to the
firm’s use of inputs, x, to ensure it is still a member of the input requirements set or
reference technology.  That is choose
{q,l} to :  min q such that:  qx³ l’X
   y £ l’Y
li ³ 0,  Sli = 1, i = 1,..., n
(2)
Due to the difficulties in accurately measuring all input prices in public sector
services such as the police force, the Demonstration Project (2001) and hence this
paper, does not consider allocative efficiency using DEA.  That is we concentrate on
overall technical efficiency (OE), but also decompose the results into the components
of pure technical efficiency (PTE) and scale efficiency (SE), allowing us to examine
not only the effectiveness of the use of resources in policing (PTE) but also to gain an
insight into the relationship between efficiency and the size of police forces (SE).  To
determine scale efficiency, we solve the technical efficiency problem (2) without the
constraint that the input requirements set be convex, i.e., we drop the constraint Sli =
61 and impose constant returns to scale rather than variable returns to scale.  The
derivation of efficiency measures relative to the variable returns to scale frontier
provides a measure of Pure Technical Efficiency (PTE), while the efficiency measures
derived from the constant returns frontier relate to Overall Efficiency (OE).  Having
derived these measures, it follows that:
OE  =  PTE x SE,  and  SE  =  OE / PTE
(3)
Farrell’s original 1957 work also suggested the use of deterministic parametric
frontiers in which the error terms could be given an efficiency interpretation.
However, the statistical properties of these synthesised errors are restricted and a
much broader alternative approach to the non-parametric frontier measurement is that
of stochastic frontier models suggested by Aigner, Lovell and Schmidt (1977).  These
models typically involve the specification of a stochastic production or cost frontier,
in which the cost function (1), for example, can be rewritten as follows:
( ) ititit w,yClnCln e+=  (4)
iitit vlnuln +=e 0vi ³  (5)
Where C represents total costs, y is a vector of outputs, w is a vector of input prices
and ite  is a composed error term that reflects both statistical noise and the X
inefficiency of the firms in the sample.  The component itu  is assumed to be
symmetrically distributed around a zero mean but iv  is assumed to be non-negative
(non-positive in the case of a stochastic production frontier).  Hence, iv  epresents the
deviations above the minimum cost frontier (X-inefficiency) associated with either
technical inefficiency (excessive use of inputs in the production of outputs) or
7allocative inefficiency (the failure to utilise the cost minimising input bundle given
input prices and the level of outputs).3
3.  REVIEW OF DATA AND VARIABLE SPECIFICATIONS.
There has been a wide range of output measures utilised in measuring police force
efficiency.  For example, Darrough and Heineke (1979) use 1 input and 6 outputs
including 4 clear up rates, crimes against the person and population (to account for the
service function of the police); Nyham and Martin (1999) have 2 inputs and 3 outputs
that include the number of crimes cleared, response time to 911 calls, and the number
of crimes.  Finally, in the case of English and Welsh police force analysis, Drake and
Simper ((2000) and (2001b)), for example, use 4 inputs but have different outputs.  In
the former study these include: clear up rates, total traffic offences, and number of
breathalyser tests, while in the latter study they use 5 outputs including: % of time
officers spend patrolling the beat; violent crime clear up rate; burglary clear up rate;
% success rate in answering a 999 call within a specified target time limit; and % of
cases in which officers arrive at the scene of the crime within a specified time after a
999 call.
The above studies show that, when modelling police force efficiency, there are
a considerable number of outputs that can potentially be included in the cost function
specification.  These output (outcome) variable choices also depend on whether the
investigator is interested in the preventive/proactive or response/reactive nature of
policing (for a review of input/output specifications in policing, see Drake and Simper
(2001a)).  The PSPP (2000) report “Improving Police Performance”, noted the
importance of proactive/preventive policing and proposed that any model should take
into account all factors of policing.  That is,
                                         
3  However, to obtain inefficiency scores, we must impose essentially arbitrary assumptions concerning
the distribution of the X-efficiency error term, iv , see Drake and Simper (2002a).  Indeed, estimation
utilising other distributions such as the gamma distribution could lead to different efficiency ranking
scores, although Berger (1993) argues that if we have a panel data series, we can adopt an approach
whereby we do not need to specify an exact distribution for the inefficiency term.
8“the selected outcome measures capture the essence of police outcomes and thus,
implicitly or explicitly, the many dimensions to policing…  The focus of the outcome
measures should be on what the police are being expected to achieve for the money
they have.  This is different from trying to model everything that forces do on a day-
to-day basis.” (page. 16).
Hence, an efficiency model should have its outputs/outcomes based on a set of BVPIs
from both the proactive/preventive and response/reactive methodologies.
This creates a difficulty in two respects.  Firstly, in choosing output variables
from the large number (over 250) of Best Value Performance Indicators (BVPIs),
Socio-economic, census, and other data sets available.  Secondly, in determining the
quality of reporting and sampling techniques in the data collection.  As the initial
Demonstration Project (2001) report suggested, a number of criteria were used to
assess the appropriateness of the data and they included:
1. Data quality (including robustness and consistency between Police Forces)
2. Consistency with the Government’s overall objectives
3. The extent to which it might be manipulated by individual Police Forces.
Demonstration Project (2001) (page. 19).
Due to these difficulties, out of the large range of potential output (outcome)
variables available for the initial demonstration analysis, only the following were
deemed acceptable by the Steering Committee.
1. Area adjusted comparable net cost of services excluding capital costs.
2. Police and Civilian (including traffic wardens) days lost through sickness.
3. Number of persons arrested for notifiable offence.
4. Number of offences cleared up.
5. Number of recorded crime incidents.
6. Weighted number of incidents of crime above (below) expected.
7. Number of Road Traffic Accidents (RTAs) leading to death or serious injury.
8. Estimated number of people very worried about burglary.
Within this approved list, the key output measures specified (given the quality
of data and other factors) were proposed by the Peer Review Demonstration Project as
9follows (for a discussion of how these final inputs and outputs (outcomes) were
decided and any inherent problems found, see Drake and Simper (2001a)):
1. Number of offences cleared up.
2. Weighted number of crime incidents (suitably transformed).
3. Number of days not lost through sickness per employee.
4. Number of Road Traffic Accidents (RTAs) per 1000 population (suitably
transformed).
5. Estimated number of people not very worried about burglary per 1000 population.
It was an aim of the Demonstration Project to utilise the data approved by the
Home Office Steering Group, and produce results that were both coherent to the
policing function, and show stability across the different specifications.  In discussion
with the Home Office, the Peer Review of the Demonstration Project argued that of
these 5 potential variables, 1 and 2 are probably the most robust and important,
although there are some possible reservations concerning the accuracy of
methodology used to produce the predicted number of crime incidents in respect of
variable 2.
Hence, in the light of this 2 models were estimated.  Both variables 1 and 2 are
included in Model 1, but in Model 2 variable 2 is replaced with a “quality of service”
measure, “number of immediate responses within target”.  In line with an aim of the
reporting process (to determine any fragility of results), this allows: the removal of a
variable with which there may be some potential reservations by forces; the
introduction of a “quality of service” measure, and finally, preserves a measure of the
"crime fighting" function of the police by continuing to include the variable, Number
of cleared up crimes.
The number of cleared up crimes is a particularly good variable as it provides
a measure of the success of the police in fighting and solving crimes, but also acts as a
deterrent in the sense that criminals will assess the probability of being prosecuted
ahead of committing a crime.  This so called response/reactive methodology of
measuring policing can be found in a number of studies, including Todd and
Ramanathan (1994), and Byrne et al (1996) who argue that, even though half of the
police’s community work cannot be modelled, a production function can still be
estimated.  They break down police activities in crime prevention “where the crime is
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contemplated but not committed,” and crime repression, where he “crime has
occurred,” and use an argument from Schmidt and Witte (1984) that any criminal is
likely to assess the probability of getting caught after committing a crime.  It is argued
that the probability of arrest is linked to the number of arrests in a police force, and in
particular to the number of convictions.
With respect to output (outcome) 3, this is distinct from the other variables in
the sense that it does not correspond closely with any of the key aims and objectives
in policing.  Hence, while it would clearly be desirable to reduce the incidence of
sickness absence in police forces, it may well be that days lost are actually a symptom
of underlying morale or management problems, and may therefore be related to poor
performance in other key output (outcome) areas.  Therefore, in both models we have
not included "number of days not lost through sickness per employee".  The
Demonstration Project (2001) also expressed reservations about variable 4, in that it
may be strongly influenced by environmental factors and may not adequately capture
the activity/efficiency of police forces.  Hence, in Model 1 we made use of the
alternative proactive variable, “total number of traffic offences prosecuted.”
Finally, in consideration of variable 5, it was argued that its consistency could
be considered somewhat questionable on the basis of doubts concerning the quality of
the survey data.  Nevertheless, it might be argued to provide an (imperfect) measure
of “fear of crime” which could be improved over time.  Hence, this variable was
included in Model 1, but in Model 2 we substitute the actual incidence of burglary.
The latter will not be subject to the problems of survey data, and it could be argued
that fear of burglary should be reasonably correlated with the actual incidence of
burglary.  Furthermore, the latter may also provide a reasonable proxy for the more
general "fear of crime" by the public.
The Stochastic Translog cost function estimated in this study can be written, with
1 Input and 4 Outputs (Outcomes), as follows:
443322110 YlnYlnYlnYlnTCln b+b+b+b+a=
4482
1
3372
1
2262
1
22542
1 YlnYlnYlnYlnYlnYlnYlnYln b+b+b+b+
321241113110219 YlnYlnYlnYlnYlnYlnYlnYln b+b+b+b+
( )ii43144213 uvYlnYlnYlnYln ++b+b+ (6)
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Where; a0 is a constant, the b’s are the parameters to be estimated, and the SFA
efficiency results are obtained from the specification such that, the i are random
variables which are assumed to be iid ( )2,0 uN s , and independent of the vi, which are
non-negative, and are assumed to account for the cost inefficiency in production.  The
vi’s are assumed to have a truncated normal distribution ( )2,0 vN s .  In addition, we
also impose the usual parameter restrictions on the cost function to ensure
homogeneity and symmetry.
The variables utilised in both models are as follows:
Model 1
TC = Area Adjusted Comparable net Cost of Services Excluding Capital Costs.
Y1 = Number of Offences Cleared Up.
Y2 =  Weighted Total Incidents above (below) Predicted (suitably transformed – see
discussion below)
Y3 = Estimated Number of People not Very Worried about Burglary per 1,000
population.
Y4 = 100 – (Total of all Traffic Offences per 1,000 population).
Model 2:
TC = Area Adjusted Comparable net Cost of Services Excluding Capital Costs.
Y1 = Number of Offences Cleared Up.
Y2 = Number of Immediate Responses Within Target.
Y3 = 50,000 – Total Burgled Dwellings recorded per 1,000 population.
Y4 = 100 – (Total of all Traffic Offences per 1,000 population).
Where, in the SFA analysis all variables are expressed as natural logarithms (i.e.,
lnTC etc).  Due to the inclusion of the Y4 variable in Model 1, the Arun was excluded
from the analysis, as no data was available on this variable for this particular force.  In
addition, the variable Y2 requires a two-stage transformation.  Firstly, the addition of a
suitably large positive number to eliminate negative values.  Secondly, the subtraction
from a suitable number to ensure that the variable is transformed into “more is better”.
The input based DEA results are invariant to the precise nature of these
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transformations and we ensure that the SFA and DEA are conducted using identical
data sets.
4.  RESULTS.
Model 1.
The parameter estimates from the Stochastic Frontier Analysis (SFA) model for
Model 1 outlined in Section 2 are presented in Table 1, where the majority of the
parameters are significantly different from zero.  We note however, the very large
negative coefficient on lnY3.  Hence, despite the strong correlation between the Model
1 SFA and DEA efficiency scores discussed below, this may indicate a potential
problem with this variable.  Furthermore, we note that this variable is based on survey
data and that reservations were expressed in the Demonstration Project (2001)
concerning the quality of the underlying data.  In Table 1, we also present a formal
LR test for the presence of a one-sided error term.  As the null hypothesis is
formulated in terms of the absence of a one-sided error term (i.e., the errors consist
only of normally distributed random errors), the fact that the LR test statistic of 10.21
(critical value equal to 2.71) is significant confirms that we can specify and estimate
an SFA model using the Translog cost function.  Hence, we can obtain SFA efficiency
scores from Model 1.  This result contrasts with the results obtained in the
Demonstration Project (2001).  Specifically, in the latter, a one-sided error term could
not be established.  Hence, no valid SFA results were produced.
INSERT TABLE 1
INSERT TABLE 2
The DEA and SFA results for this input/output specification are detailed in
Table 2, together with the corresponding rankings for each force (shown in
parentheses).  It is clear that the correspondence between the two sets of results is
generally very good.  The Witham and Wye forces, for example, exhibit DEA scores
of 100 (rank 1), and exhibit corresponding SFA scores of 99.44 (rank 3) and 99.99
(rank 1) respectively.  At the other end of the efficiency spectrum, the Stour is ranked
40th on both DEA and SFA with very similar efficiency scores of 56.39 and 56.58
13
respectively.  Similarly, the Teifi is ranked 38th according to DEA (score, 69.34) and
37th according to SFA (score, 63.75), while the Wharfe is ranked 39th (DEA score,
63.97) and 36th (SFA score, 67.57) respectively.
INSERT FIGURE 1
This generally strong positive correlation between the two sets of efficiency
scores is also evident from the scatter diagram presented in Figure 1 and from the
correlation coefficient of 0.635 (significant at the 1% level) and rank correlation
coefficient equal to 0.465 (significant at the 1% level).  It is clear from Figure 1,
however, that the correlation between the two sets of results is far from perfect, and
this is echoed in the formal rank correlation coefficient.  If we focus on the DEA
efficient units, for example, it is clear from Figure 1 that the corresponding SFA
scores range from the Wye at 99.99 to the Avon at 73.30.  Furthermore, while most of
the DEA efficient units tend to exhibit SFA scores between 90 and 100, as would be
expected, there is a clear cluster of five outliers which display SFA scores in the range
73 to 77.  As discussed above, this may well reflect the fact that DEA can be prone to
outlier problems, i.e., where some units are a-typical in some respect.
Other less serious anomalies are also evident in Figure 1, however.  Three
forces, for example, exhibit SFA scores very close to 100, but have DEA scores
around 90.  Similarly, two forces display DEA scores of between 80 and 90, but have
SFA scores close to 60.  Such anomalies are to be expected, however, given the well
established relative advantages of DEA and SFA.  Furthermore, these results reinforce
the argument made in the PSPP (2000) report, that these two alternative techniques
should be used in tandem in order to produce a fair and representative overall measure
of efficiency.  It is clear from Figure 1, for example, that, even with the presence of
some outliers, the scatter plot of DEA against SFA scores does suggest three obvious
groupings of forces into high, medium and low efficiency.
INSERT TABLE 3
INSERT FIGURE 2
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This casual impression is confirmed in Figure 2 and Table 3 where the two
sets of scores are formally combined by taking the mean of the DEA and SFA scores
for each force, this methodology follows Drake and Simper (2002b).  There is a
natural break, for example, between the Swincombe at 93.61 and the Exe at 89.43.
Similarly, there is a clear break between the Usk at 80.38 and the Darent at 74.95.
These groupings are indicated in Table 3, together with the combined score and rank
(within the group) for each force.  An appropriate ANOVA test confirmed that all
three group means are significantly different (F test = 187.26), while second stage
post hypothesis tests confirmed that each individual group mean is significantly
different from the others.  Hence, this result confirms that DEA and SFA can be used
in tandem in order to produce distinct police efficiency groupi gs which can then be
used for policy analysis and target setting.
Although the results presented in Figure 2 and Table 3 suggests three obvious
police efficiency groupings, it is also clear that further discrimination is possible
within these groups.  At the top end for example, three forces (Wye, Witham,
Derwent) all display overall (combined DEA and SFA) efficiency scores of over 99.5,
while two other forces (Itchen and Chelmer) also display scores of over 99.  At the
other end of the spectrum, however, the Stour appears to be by far the worst
performing force with an overall score of only 56.49, which is the only overall score
below 60.  Two other forces, however, have scores between 60 and 70 (Wharfe, 65.77
and Teifi, 66.55).
INSERT TABLE 4
Table 4 presents the frequencies with which the efficient forces appear in the
DEA reference sets of the inefficient forces.  Interestingly, of the top 5 forces
identified in Table 3 on the basis of their overall combined DEA and SFA scores,
three have the highest reference set frequencies (Derwent, 19, Chelmer 10, and
Witham, 9).  These results suggest that such forces could act as peer comparitors for a
number of other less efficient forces.  Clearly, this type of further discrimination is
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extremely important in cases such as this, where no less than 18 out of 40 forces are
found to be efficient on the basis of the DEA scores.4
INSERT TABLE 5
Finally, in Table 5, we present th  DEA scale efficiency scores for the sample
of police forces.  The results indicate that there are significant scale effects in
policing, with only the Chelmer, Derwent, Lee and Rother displaying constant returns
to scale (CRS).  Indeed, Drake and Simper (2000 and 2002a) confirmed that there are
significant scale effects in respect of English and Welsh police forces.  This result is
also in line with the findings in other countries.  In consideration of US studies, for
example, Gyimah-Brempong (1987) finds decreasing returns to scale in Florida police
forces.  Finally, Carrington et al (1997) who modelled 163 police patrol districts of
the New South Wales police force, found that there were; 55 increasing, 29 constant,
and 79 decreasing returns to scale forces in their sample.  Hence, if relative police
force efficiencies were to be assessed on the assumption of constant returns to scale,
both small and large police forces would be disadvantaged by virtue of their high
levels of scale inefficiency.  This confirms the need to investigate the relative
efficiency of police forces using a variable returns to scale technology.  Furthermore,
this must apply in the context of both the DEA and SFA analysis.
Finally, it is interesting to note that only four forces exhibit overall efficiency
according to the DEA analysis, i.e., they are both technically and scale efficient.
These are the Chelmer, Derwent, Lee and Rother.  Furthermore, two of these forces
(Chelmer and Derwent) and ranked in the top five according to the combined DEA
and SFA scores (Table 3).  It is perhaps worth reiterating, therefore, that these two
forces are also the forces with the highest reference set frequencies in Table 4
(Derwent, 19, Chelmer, 10).
                                         
4  Those forces with the highest combined DEA and SFA scores tend to be those forces which are the
least sensitive to the imposition of minimum weight restrictions (in DEA).  Results and tables are
available from authors.
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Model 2.
As discussed previously, the motivation behind estimating Model 2 revolved
around potential reservations expressed in the Demonstration Project (2001)
concerning the construction of the variable, “weighted number of incidents above and
below predicted”, and the quality of the data associated with the variable, “estimated
number of people not very worried about burglary”.  In addition (in the analysis of
police force efficiency), we also advocate, the introduction of variables measuring the
"quality of service" provided by police forces, notwithstanding possible reservations
concerning the current quality of this type of data.  A final motivation behind the
specification of Model 2 is the demonstration that both DEA and SFA can
successfully be applied in the context of a range of possible output (outcome)
permutations.  Again, this model produces a significant one-sided error term (LR test
equal to 2.74), although this is more marginal than is the case in Model 1.
INSERT FIGURE 3
INSERT FIGURE 4
Figure 3 clearly shows the strong positive correlation between the DEA and
SFA scores, which is reinforced by a correlation coefficient equal to 0.492 (significant
at the 1% critical level).  This scatter diagram is somewhat different to the
corresponding Model 1 diagram (Figure 1), however.  In particular, there is a much
greater bunching of the DEA efficient forces which, with only one exception (Itchen,
88.95), exhibit SFA scores in the range 92 to 97.  This contrasts with the Model 1
results in which the DEA efficient forces had SFA scores ranging from 99.99 to only
73.30.  It is clear, however, that the outliers in respect of Model 2 are those forces
which score between 90 and 98 on the basis of SFA but exhibit DEA scores in the
range 57 to 72.  A case in point is the Darent which scores only 67.89 according to
DEA (rank 37), but scores 96.67 according to SFA (rank 3).
Hence, while the nature of the DEA/SFA outliers may be different in Model 2
relative to Model 1, the basic message remains the same.  Specifically, individual
forces could be significantly and unfairly disadvantaged by virtue of the use of a
single efficiency measurement technique.  According to DEA, for example, the
Darent is the 4th worst performing force, whereas under SFA it is the 3rd best
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performing force!  Furthermore, these types of discrepancies should not be used to
discredit the general aim of relative efficiency measurement, as the significant
positive correlation between the two sets of results provides independent cross-
validation for the credibility of both the nonparametric and parametric techniques in
this respect.  Rather, the techniques should be used in tandem, and with careful
judgement and analysis.  The full DEA  results are available from the authors.
INSERT TABLE 6
As with Model 1, the combined overall efficiency scores shown in Figure 4
and Table 6 suggest three obvious police force efficiency groupings.  There is a clear
break between the Dee at 94.02 and the Ancholme at 93.14, and another break
between the Trent at 81.56 and Mole at 78.18.  The appropriate statistical tests again
show that the group means are all significantly different (F test = 106.19), and are also
individually distinct on a pairwise basis.  It is also clear that, as with Model 1, there
are further distinctions which can be made, even between police forces in the same
efficiency grouping.  The Teifi, for example, is clearly the worst performing force
(rank 40) according to Model 2, with an overall efficiency score of only 60.69.  In
contrast, the force ranked 39th has a far superior overall score of 75.02.  Interestingly,
the Teifi was ranked as the 3rd worst force on the basis of Model 1, with an overall
score of 66.55. At the other end of the spectrum, three forces exhibit overall
efficiency scores of over 97 (Ouse, Rother and Alt) while the remainder of the group
1 forces have overall scores in the range 94.02 to 96.93.
With respect to the contrast between the Model 1 and Model 2 overall
efficiency results, it is clear that there is a degree of sensitivity to variations in the
output (outcome) specification.  Although the correlation between OES1 and OES2 is
0.516 (significant at the 1% level), the rank correlation between the two sets of results
is only 0.437 (significant at the 1% level).  Furthermore, the top 5 forces according to
Model 2 are different from the top 5 identified in Model 1, although it is worth
pointing out that the latter all feature among the group 1 forces according to Model 2
and are all ranked within the top 11. Among the poorest performers, the Teifi and the
Stour are the only forces ranked in the group 3 efficiency category according to both
Models 1 and 2.
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A useful perspective on the sensitivity of the results to the change in output
specification is provided by the degree to which forces shift between efficiency
groupings.  In Table 6, the figures in parentheses following the police force
correspond to the grouping based on the Model 1 results.  It is therefore apparent, for
example, that the majority of the group 1 and 2 forces remain in the same group
across the two models and those that do shift typically move only into an adjacent
group.  In the case of those 19 forces ranked in group 1 according to Model 2, for
example, 13 were also ranked in group 1 by Model 1, while 6 were ranked as group 2
forces.  Similarly, of the 15 forces ranked in group 2 by Model 2, 9 were also ranked
as group 2 forces by Model 1, while 2 forces were ranked as group 1 and 4 forces
ranked as group 3.  It is with respect to the poorest performers (in Model 2), however,
where the greatest shifts appear to take place.  Of the 6 forces ranked in group 3
according to Model 2, for example, no less than 3 had been ranked as group 1 forces
by Model 1, with 1 force ranked in group 2 and 2 forces ranked consistently as group
3, as mentioned previously (Stour and Teifi).
5.  CONCLUSIONS.
This paper presents results from a Peer Review of the Demonstration Project (2001)
commissioned by The Home Office to determine whether English and Welsh police
forces can be ranked utilising DEA and SFA techniques.  The DEA and SFA models
estimated in this paper show unambiguously that this is the case.  The results do
indicate, however, that the efficiency results can be sensitive to the particular output
(outcome) specification.  Hence, a reasonable consensus regarding possible
appropriate variable specifications is very important, and these should then be subject
to rigorous sensitivity analysis.
In the face of the evident sensitivity of the efficiency scores to variations in the
output (outcome) specifications, a possible strategy for determining the most
appropriate specification  could be to focus on those models exhibiting the strongest
degree of correlation/rank correlation between the DEA and SFA scores.  The logic
being that this would provide the greatest degree of cross-validation of the DEA and
SFA efficiency scores.  Clearly, on the basis of this criterion, Model 1 would be
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judged superior to Model 2 with a correlation (rank correlation) of 0.635 (0.463) as
compared to 0.492 (0.242).
Hence, although we have demonstrated that both Models 1 and 2 can be used
to produce DEA and SFA scores, and can both be used to generate distinct efficiency
groupings, the balance of evidence appears to suggest that Model 1 is to be preferred
to Model 2.  Further analysis and sensitivity testing would clearly be required,
however, before a preferred model could be decided upon.
In respect of future analysis, possibly conducted within a multi-input scenario,
we would suggest the use of the stochastic distance function (frontier) as an
alternative to the use of a stochastic cost function (frontier) for SFA.  The former is
the parametric analogue to the non-parametric DEA technique and avoids the
specification of input prices inherent in the multi-input cost function SFA analysis
(see Drake and Simper (2002b)).
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Table .1.
Model 1 - SFA Parameter Results
ParameterEstimate t-ratio ParameterEstimate t-ratio
a0 737.70** 7.37 b8 0.67 1.86
b1 -14.25** 6.35 b9 -1.82** -5.92
b2 4.58** 2.99 b10 3.22** 8.84
b3 -212.50** -233.97 b11 -0.40** -3.67
b4 17.65** 2.34 b12 2.63** 4.20
b5 0.58** 9.19 b13 -0.55** -2.03
b6 0.12 0.56 b14 -1.90 -1.56
b7 25.25** 22.93
LR Test of one-sided error10.02 Log Likelihood 29.55
** denotes significantly different from zero at the 1% critical level.
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Table 2.
Model 1 DEA and SFA Results.
DEA – Input SFA
Alt 93.24 (22) 97.29 (10)
Ancholme 84.5 (35) 85.15 (21)
Avon 100 (1) 73.30 (34)
Calder 100 (1) 97.15 (12)
Chelmer 100 (1) 98.28 (8)
Colne 91.74 (23) 82.61 (25)
Conwy 100 (1) 77.03 (31)
Darent 72.63 (37) 77.26 (30)
Darwen 100 (1) 76.04 (32)
Dee 91.39 (24) 82.76 (24)
Derwent 100 (1) 99.38 (4)
Dove 86.81 (32) 81.12 (26)
Exe 89.98 (28) 88.88 (19)
Irk 100 (1) 89.00 (18)
Itchen 100 (1) 98.58 (7)
Kennet 85.69 (34) 60.69 (38)
Lee 100 (1) 93.08 (15)
Lune 100 (1) 97.29 (11)
Medway 100 (1) 77.45 (29)
Mersey 86.73 (33) 80.56 (27)
Mole 100 (1) 96.49 (13)
Ouse 100 (1) 90.72 (17)
Pelenna 81.74 (36) 58.85 (39)
Rother 100 (1) 75.79 (33)
Severn 100 (1) 91.33 (16)
Stour 56.39 (40) 56.58 (40)
Swincombe 88.34 (30) 98.89 (6)
Taff 90.26 (27) 84.59 (22)
Tamar 100 (1) 94.09 (14)
Tame 90.55 (26) 87.04 (20)
Tawd 90.9 (25) 98.90 (5)
Teifi 69.34 (38) 63.75 (37)
Thames 98.89 (19) 78.76 (28)
Trent 97.42 (20) 98.07 (9)
Tywi 94.43 (21) 84.26 (23)
Ure 89.84 (29) 99.80 (2)
Usk 87.57 (31) 73.19 (35)
Wharfe 63.97 (39) 67.57 (36)
Witham 100 (1) 99.44 (3)
Wye 100 (1) 99.99 (1)
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Figure 1.
Model 1 - DEA – Input and SFA Results.
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Figure 2.
Model 1 - Overall Efficiency Score (OES) Results.
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Table 3.
Model 1 - Overall Efficiency Scores (OES) and Rank and Groups (RG).
RG OES RG OES
1  (1st) Wye 99.99 3  (2nd) Thames 88.83
2  (1st) Witham 99.72 4  (2nd) Tame 88.79
3  (1st) Derwent 99.69 5  (2nd) Medway 88.73
4  (1st) Itchen 99.29 6  (2nd) Conwy 88.52
5  (1st) Chelmer 99.14 7  (2nd) Darwen 88.02
6  (1st) Lune 98.64 8  (2nd) Rother 87.89
7  (1st) Calder 98.58 9  (2nd) Taff 87.43
8  (1st) Mole 98.25 10 (2nd) Colne 87.18
9  (1st) Trent 97.75 11 (2nd) Dee 87.08
10 (1st) Tamar 97.05 12 (2nd) Avon 86.65
11 (1st) Lee 96.54 13 (2nd) Ancholme 84.82
12 (1st) Severn 95.67 14 (2nd) Dove 83.96
13 (1st) Ouse 95.36 15 (2nd) Mersey 83.64
14 (1st) Alt 95.27 16 (2nd) Usk 80.38
15 (1st) Tawd 94.90 1  (3rd) Darent 74.95
16 (1st) Ure 94.82 2  (3rd) Kennet 73.19
17 (1st) Irk 94.50 3  (3rd) Pelenna 70.29
18 (1st) Swincombe 93.61 4  (3rd) Teifi 66.55
1  (2nd) Exe 89.43 5  (3rd) Wharfe 65.77
2  (2nd) Tywi 89.34 6  (3rd) Stour 56.49
Table 4.
Model 1 – Frequency in DEA Reference Set.
Frequency  to Other
DMUs
Frequency  to Other
DMUs
Avon 0 Lune 1
Calder 3 Medway 4
Chelmer 10 Mole 6
Conwy 2 Ouse 2
Darwen 0 Rother 2
Derwent 19 Severn 1
Irk 0 Tamar 2
Itchen 0 Witham 9
Lee 6 Wye 5
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Table 5.
Model 1 - Scale Economies (SE) Results.
SE IRS, DRS
or CRS
SE IRS, DRS
or CRS
Alt 91.24 DRS Mole 52.65 DRS
Ancholme 83.27 DRS Ouse 60.04 DRS
Avon 49.05 DRS Pelenna 88.30 DRS
Calder 69.20 DRS Rother 100.00CRS
Chelmer 100.00CRS Severn 56.48 DRS
Colne 87.78 DRS Stour 99.65 IRS
Conwy 62.67 DRS Swincombe 78.21 DRS
Darent 94.35 DRS Taff 58.87 DRS
Darwen 56.42 DRS Tamar 62.38 DRS
Dee 99.91 DRS Tame 96.17 DRS
Derwent 100.00CRS Tawd 95.50 DRS
Dove 97.22 IRS Teifi 57.43 DRS
Exe 60.07 DRS Thames 87.67 DRS
Irk 79.67 DRS Trent 60.04 DRS
Itchen 52.85 DRS Tywi 84.66 DRS
Kennet 65.78 DRS Ure 79.21 DRS
Lee 100.00CRS Usk 95.17 IRS
Lune 55.19 DRS Wharfe 98.70 DRS
Medway 78.58 DRS Witham 73.48 DRS
Mersey 98.88 IRS Wye 92.97 DRS
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Figure 3.
Model 2 - DEA and SFA Results.
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Figure 4.
Model 2 - Overall Efficiency Score (OES) Results.
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Table 6.
Model 2 - Overall Efficiency Scores (OES) and Rank and Groups (RG).
RG OES RG OES
1  (1st) Ouse           (1) 98.51 2  (2nd) Dove           (2) 91.06
2  (1st) Rother         (2) 97.97 3  (2nd) Tamar         (1) 90.50
3  (1st) Alt              (1) 97.42 4  (2nd) Tame          (2) 90.39
4  (1st) Thames       (2) 96.93 5  (2nd) Taff             (2) 89.43
5  (1st) Irk               (1) 96.92 6  (2nd) Wharfe        (3) 88.57
6  (1st) Tawd          (1) 96.77 7  (2nd) Tywi           (2) 87.46
7  (1st) Chelmer      (1) 96.72 8  (2nd) Mersey        (2) 87.45
8  (1st) Wye            (1) 96.71 9  (2nd) Medway      (2) 86.15
9  (1st) Usk             (2) 96.63 10 (2nd) Avon           (2) 84.56
10 (1st) Witham       (1) 96.60 11 (2nd) Pelenna       (3) 83.82
11 (1st) Derwent      (1) 96.54 12 (2nd) Exe             (2) 82.76
12 (1st) Severn        (1) 96.47 13 (2nd) Darent         (3) 82.28
13 (1st) Lune           (1) 96.19 14 (2nd) Kennet        (3) 81.73
14 (1st) Calder         (1) 96.06 15 (2nd) Trent           (1) 81.56
15 (1st) Lee              (1) 95.68 1  (3rd) Mole           (1) 78.18
16 (1st) Darwen       (2) 95.59 2  (3rd) Ure              (1) 77.55
17 (1st) Colne          (2) 94.93 3  (3rd) Conwy        (2) 75.97
18 (1st) Itchen          (1) 94.47 4  (3rd) Swincombe (1) 75.21
19 (1st) Dee             (2) 94.02 5  (3rd) Stour           (3) 75.02
1  (2nd) Ancholme   (2) 93.14 6  (3rd) Teifi            (3) 60.69
Mean OES 89.37
